Introduction
Delirium is highly prevalent in elderly hospital patients and it is associated with high morbidity and mortality, increased length of hospital stay and a high rate of institutionalisation following discharge [1] . Incidence rates for delirium after orthopaedic hip-surgery vary from 5 to 40.5% [2] [3] [4] , and incidence is particularly high in at risk patients [5] . Few studies have examined the mortality risk associated with delirium in elderly hip-surgery patients after 1 year or more.
The causal relationship between delirium and death at follow-up is largely still unclear and controversy exists whether delirium is independently associated with mortality at follow-up. While some studies found that delirium in hip-surgery patients is associated with an increased risk of death at follow-up [4, [6] [7] [8] , others did not, probably due to small sample sizes [9] [10] [11] [12] [13] [14] [15] [16] [17] . However, none of the positive studies examined the hazard risk associated with postoperative delirium after controlling for important delirium risk factors assessed preoperatively.
Risk stratification for delirium in medical and surgical patients has been a major objective and several studies tried to develop predictive models based on the presence of known risk factors [18] . Several risk factors for delirium are independently associated with follow-up mortality [19] [20] [21] [22] . Delirium prognosis might be correlated with identifiably risk factors in a particular patient. And if so, accurate risk stratification for poor outcome from delirium should be based on delirium and delirium risk factors interactions. Such risk stratifications could be useful for identifying low-risk hip-surgery patients with delirium for whom hospitalisation period may be relatively short; and intermediate or high-risk delirium patients, who might require prolonged hospital stay, intensified treatment and special care programmes, also during postacute care. To our knowledge, no outcome studies on delirium and risk factor interactions have been published.
The aim of this study was to examine the effect of postoperative delirium in elderly hip-surgery patients on mortality at follow-up 2 years later, controlling for baseline risk factors present at admission before onset of delirium. We hypothesised that long-term outcome from delirium is particularly poor in at risk patients.
Methods Ethics
The study was approved by the local research ethics committee. All patients or their relatives gave fully informed written consent.
Study design and objectives
Study data on case mix variables were collected as part of a randomised, placebo-controlled, double-blind, clinical trial of low-dose haloperidol prophylaxis for postoperative delirium in elderly hip-surgery patients who were at intermediate or high risk for this complication. The study sample represents a prospective cohort study with longitudinal follow-up, which has been described previously [5, 23] . The aim of the RCT was to assess the effectiveness of 1.5 mg of haloperidol daily versus placebo on the primary and secondary prevention of postoperative delirium in at risk-hip-surgery patients. The primary outcome was the incidence of postoperative delirium as defined by DSM-IV criteria. Secondary outcomes were the severity of delirium (Delirium Rating Scale revised version-98), the duration of delirium, and the length of hospital stay [23] . Outcomes were assessed during daily patient visits. Risk classification was based on the presence of four predictive and validated baseline risk factors; Mini-Mental State Examination (MMSE), Visual Impairment (Snellen test), Acute Physiology Age and Chronic Health Examination (APACHE II) and Dehydration (BUN/creatinine) [5, 23, 24] . Demographic data, type of admission (acute versus elective, all acute patients were fractured hip patients), and depressive symptoms as measured with the Geriatric Depression Scale 15 items version (GDS-15) (3.2% missing values) were recorded prior to surgery. A total of 603 patients consented to participate and 430/603 had one or more risk factor for delirium and were randomised to haloperidol or placebo [23] . Briefly stated, no effect was found on incident delirium, but there was an effect on severity and duration of delirium.
In this study, 2-year follow-up data on mortality were searched for and compared with incident delirium during hospital stay, controlling for demographical variables; predefined baseline risk factors; admission type and depressive symptoms.
Participants
The original study sample has been described elsewhere [5, 23] . All 603 patients were eligible to participate in the follow-up part of the study.
Measurements and procedures
Date of death data was retrieved from the Alkmaar hospital database and other sources. The hospital serves the region where all participating patients lived and any deaths to occur are reported back regularly. Great efforts were made to include data from all patients by writing to the patients' general practitioners (GPs) and requesting for any relevant information. If necessary, e.g. when patients had moved out of the area, the GP, patients or patient's family members were contacted by telephone.
Outcomes
The primary outcome was time to death during 2-year follow-up.
Statistical analysis
Means or proportions were used to describe demographic and clinical characteristics of the study sample at baseline and during 2-year follow-up. Kaplan-Meier survival curves for delirium and no delirium cases were examined using the Log rank test. Inspection of the survival tables showed that more delirium patients died within the first 6 months than in the next 18 months (χ 2 = 8.65, P = 0.03), indicating that the Cox proportional hazards assumption was violated. Mortality risk associated with delirium was estimated using a time-dependent Cox proportional hazards regression model; the outcome was time to death. Censoring event was 2-year follow-up survival. Presence of delirium, potential other independent predictors of time to death, and interactions terms (delirium by risk factors) were entered in the regression models to calculate unadjusted and adjusted (backward elimination) hazard risks (P < 0.10). Age, predefined risk factors and GDS-15 scores were entered in the analysis as continuous variables and incident postoperative delirium, admission type and gender as dichotomous variables. A time by delirium interaction factor was added to the model.
To counteract potential confounding effects of in-hospital deaths and the RCT intervention on study outcome, intermediate analyses were performed that excluded in-hospital deaths; and that included randomised patients only (n = 430).
Statistical calculations were performed using SPSS for Windows, version 14 (SPSS, Inc., Chicago, IL, USA).
Results

Descriptive findings and Cox proportional hazard analysis
A total of 90/603 patients (14.9%) died during the study period (Table 1) . For only 4/90 patients the exact date of death could not be retrieved and these patients were not included in subsequent survival analyses. The KaplanMeier survival curves for patients with or without delirium are plotted in Figure 1 . The survival curve for patients with delirium decreases faster than the curve for patients without delirium (Log rank = 46.35, df = 1, P = <0.001).
Incidence of delirium in more severely ill patients, as measured with the interaction term delirium x APACHE II, was higher in patients who died compared with those who survived ( Table 2) . Patients who died during follow-up were more often at risk for delirium as indicated by male gender, old age, acute admission, depressive symptoms and visual impairment. In contrast, delirium per se, illness severity per se, cognitive impairment and dehydration were not associated with time to death in multivariate analysis, nor was there a significant effect of the interactions between time and delirium, and delirium and other risk factors. Results from the Cox model show that the hazard risk is increased 1.05 with a unit change in the delirium by illness severity indicator, holding other factors constant.
Comparisons based on dichotomous variables may be useful in clinical practice. Patients with postoperative delirium who were severely ill on admission (n = 14/27), were at an increased risk for death after 2 years (51.9 versus 13.2%; RR 3.9 CI 2.6-6.0). Delirium patients without severe illness (n = 15/47) were at an increased risk for death after 2 years (31.9 versus 13.5%; RR 2.4 CI 1.5-3.8).
Intermediate Cox proportional hazard analyses
If no delirium by risk factors interaction terms were entered in the analyses, incidence of delirium was higher in patients who died compared with those who survived (adjusted hazard ratio (HR) 1.93, CI 1. 15-3.20) .
A total of 14/90 were in-hospital deaths and 7/14 had delirium. Incidence of delirium interacting with acute admission was higher in patients who died in the posthospitalisation period compared with those who survived (adjusted HR 3.40, CI 1.77-6.55).
A total of 79/430 randomised patients died during the study period and incidence of delirium interacting with illness severity was higher in patients who died compared with those who survived (adj. HR 1.05, CI 1.02-1.08).
Notably, haloperidol prophylaxis was not associated with death at follow-up in multivariate analysis. In-hospital deaths were 2.4% in the haloperidol prophylaxis group and 4.1% in the placebo group.
Discussion
This study examined mortality at follow-up associated with delirium in elderly hip-surgery patients. Patients who developed delirium after surgery had a 93% increased risk of mortality in the 2-year follow-up period. Delirium interacting with baseline acute illness severity independently predicted poor outcome. The strengths of this study are the near complete primary outcome data set (<0.6% missing values); inclusion of a large sample hip-surgery patients; inclusion of a case mix of low, intermediate and high risk for delirium patients; use of standardised and valid methods for diagnosing delirium; pre surgery and pre delirium measures of predefined baseline risk factors.
The association between delirium and risk of death is impressive. In this sample of 603 patients 29/74 with delirium died (39.2%) compared with the overall figure of 90/ 603 deaths (14.9%). Even when the 14 in-hospital deaths are left out from the equation, the odds still reflect an almost twofold risk of death. It goes without saying that such a high mortality rate raises concern, particularly when one considers that delirium is often under diagnosed and in many instances preventable [25] .
One previous study found an increased mortality risk associated with delirium at 6 months of follow-up and three studies found increased risk at 12 months follow-up or more [4, [6] [7] [8] . Nightingale et al. assessed hip-fracture patients between 2 and 5 days after surgery; the adjusted 2-year HR associated with delirium was 2.4 (CI 1.7-3.5) [7] . In the Edelstein et al. study 47/921 (5.1%) hip-fracture patients had postoperative delirium and were more likely to have died at 1-year follow-up (unadjusted odds ratio 2.4, CI 1.1-4.9) [4] . Lundstrom et al. found that 21/29 femoral neck fracture patients with postoperative delirium died within 5 years, compared with 17/49 who did not have delirium (P = .001) [8] . The HR found in our sample if no interaction terms were added to the regression model is comparable with those found in the earlier studies of fractured hip patients [1] . However, we clinically assessed a large number of patients prior to surgery; included patients at low, intermediate and high risk of delirium; and we evaluated additive effects and interaction effects of delirium and other predictors of poor outcome. By doing so we were able to examine independent effects of delirium and baseline risk factors on mortality and our methods represent a rigorous approach to study the important problem of adverse long-term outcomes associated with delirium.
Unlike previous studies, our findings suggest that delirium per se is not independently associated with excess mortality. Primary outcome in this study was predicted by delirium interacting with illness severity as measured with the APACHE II. The APACHE II score incorporates different risk factors such as abnormal laboratory findings, high age and acute admission. The ways in which delirium affected illness severity and vice versa are unclear. Delirium severity and duration were not significantly different for those with or without baseline illness severity. However, there was a trend showing length of hospital stay was 6 days longer in more severely ill patients when compared with those who were less severely ill at baseline (P = 0.09). It might be that morbidity associated with delirium in at risk, vulnerable patients could in part explain our results. Others have found that risk factors for delirium are associated with poor outcome [19] [20] [21] [22] . Although in this study no data were available on the pathological pathways involved by which risk factors lead to delirium and mortality, our findings show that delirium prognosis is correlated with baseline risk for delirium. Future outcome studies could explore the exact nature in which delirium interacts with predisposing factors.
Our study results may have practical consequences. Risk stratification for poor outcome could mean that specifically those patients with delirium who are at high risk for poor outcome should not be transferred or discharged from hospital untimely; extra efforts should be made to identify and try to modify medical conditions associated with mortality; care programmes should target the intermediate and highrisk patients; post-acute facilities should prepare treatment and care for those who need it most and patients and their families may want to be informed about delirium prognosis. Notably, risk stratification validity was not tested in this study and associations found between risk factors for poor outcome need to be verified in future studies. In turn, this could result in a clinical prediction rule. Unlike many US-based studies that include patients still delirious at discharge [10, 26, 27] , this study included participants in a Dutch RCT with delirium duration as a secondary outcome; none of the patients had delirium at discharge. Also, many elective patients were included as opposed to fractured hip patients. Although we were able to control for some, differences exist between our study sample and other delirium outcome study samples.
Treatment condition was not independently associated with study outcome. Furthermore, in-hospital deaths were 2.4% in the intervention group and 4.1% in the placebo group. Admittedly, attempts to control for haloperidol prophylaxis and other variables by carrying out subgroup analyses lead to smaller sample sizes and increased imprecision. Possible detrimental effect of prophylactic treatment on survival warrants careful monitoring in future studies.
Some study limitations that need to be discussed. At first, there is the issue of selection bias as clinical trial populations may not be truly representative of the deriving population due to the variable consent rates. In relation to delirium research, under-recruitment of patients with dementia is usual. In this study profound dementia was an exclusion criterion, but dementia per se was not. Second, chronic co-morbid conditions were not assessed. Risk factor selection was based on a validated medical model that included cognitive impairment [5, 24] . No independent effect of study medication on mortality was found. We conclude that the original randomised clinical trial design does not invalidate results and conclusions of this study.
This study shows that delirium interacting with illness severity among hip-surgery older patients is associated with mortality at follow-up. Our findings are consistent with the concept of delirium as a serious neuropsychiatric condition with adverse effects. Delirium outcome is most problematic in vulnerable patients. The symptoms that often persist for months may well be reflections of the unresolved underlying pathological conditions in these patients. Since we did not adjust for chronic co-morbid conditions, delirium might be an exceptionally good marker for co-morbid conditions. Efforts should be made to investigate the causal mechanism(s) that explain for mortality associated with delirium and to develop prevention programmes targeted at decreasing the risk of death after delirium. These programmes would probably include the use of a risk factor stratification; extra care for frail elderly that extends the hospitalisation period and monitoring of delirium symptoms for a prolonged period of time. The increased mortality risk associated with delirium warrants rigorous implementation of primary and secondary prevention strategies.
Key points
• Delirium is associated with poor long term outcome.
• Delirium is a marker of co-mordid disease.
• Outcome from delirium is particularly poor in at risk patients.
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